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Abstract 
Protected areas are designed for a range of purposes, mainly with the aim of protecting certain habitats including their 
associated species. The possible threats have mainly been thought of as anthropogenic influences such as 
deforestation from lodging and fires, hunting, construction of roads and houses etc. The biomes of the park have been 
assumed to be the constant, so that the distribution of animals and vegetation would only change rapidly due to direct 
anthropogenic influence. However, with a changing climate, the conditions within the park might change to 
conditions unsuitable for the current population of animals and vegetation within relatively short time. In this paper 
we will introduce eHabitat, a Web Processing Service (WPS) designed to compute the likelihood of finding 
ecosystems with equal properties. We present a use case where eHabitat is applied to an ensemble of climate change 
scenarios, in order to compute the probability that an ecosystem's ecological niche will occur in a particular location 
in the future. This will help us to identify the future suitability of an area for a particular ecosystem 
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1. Introduction 
Around 13% of the world land surface is preserved by more than 130 000 protected areas (PAs) which 
are acting as safeguards for biodiversity and ecosystem services. If the PAs can be effective in reducing 
anthropogenic pressures coming from the competition for land and/or natural resources (illegal logging 
activities, bush meat and commercial poaching), threats coming from climate change are much more 
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difficult to prevent or its impact to assess. A changing climate may not only result in the expansion or the 
contraction of the area a habitat occupies but certain changes are also irreversible.  
 
The purpose of this paper is to introduce eHabitata, a Web Processing Service (WPS) designed to 
compute the likelihood of finding ecosystems with equal properties. Linked together with other web 
services, eHabitat can be used for assessing changes in ecosystems and utilised for ecological forecasting 
when combined with climate change models. eHabitat uses Mahalanobis distances to calculate for given 
location x a Probability of Habitat Similarity (PoHS), the probability of finding similar environmental 
conditions elsewhere. Inputs to the WPS are typically thematic geospatial "layers" that can be discovered 
using standardized catalogues, and the outputs tailored to specific end user needs. In the use cases 
discussed hereafter, eHabitat is applied to a climate change scenario: ecosystems in given PAs are simply 
defined by climatic variables for which the PoHS are computed. More precisely, we use the three 
variables of Holridge's life zones [1], a bioclimatic scheme for the classification of land areas at the global 
scale, as indicators for the environmental suitability. Changes in the PoHS can then be used as a proxy of 
the impact of climate change on the analysed PAs. 
2. Habitat Similarity 
The core process in eHabitat is the computation of the Mahalanobis distances D, which is commonly 
used for point observations, but here as a measure of the similarity to a PA, see e.g. Farber and Kadmon 
[2]. For each pixel, one can compute D which is defined as the square root of  
D2=(x-m)TC-1(x-m)        (1)  
where x is the vector of data in this pixel, m the vector of mean values of the variables within the PA, and 
C-1 the corresponding inverse covariance matrix which makes D dimensionless. 
 
When the indicator variables used to generate the mean vector and covariance matrix are normally 
distributed, then D is distributed according to a Ȥ2 distribution with n-1 degrees of freedom. We can then 
convert D into p-values (or probability values) in the range from 0 to 1, giving a map of p-values. These 
can be seen as the probability of pixels outside the investigated area having similar sets of indicators as 
the selected PA, or the probability of pixels in the future (inside or outside the PA) having similar sets of 
indicators. If the indicator variables are not normally distributed, the conversion rescales the D values to a 
0.0 to 1.0 range. If we assume that areas with PoHS larger than a certain threshold are possible 
replacements for the habitats, we can also calculate a habitat replacement index (hri) [3] as the ratio 
between the replaceable area and the size of the PA. The use of the Mahalanobis distance as a measure for 
habitat similarity has been widely used [4-5] for ecological niche-factor analysis (ENFA) or species 
distribution model (SDM). It is a simple methods based on “presence-only” data, is suitable for large data 
sets, and has in the context of bioclimatic modeling shown some comparative advantages relative to, e.g., 
climatic envelope models [2].  
3. eHabitat as a Web Processing Service 
The Model Web is a concept describing how a large set of models are exposed as Web Services and 
chained [7], i.e., the different models are able to make requests to each other. Through this chaining, each 
modeler can specialize and refine their own models, for which they are the experts. Their knowledge of 
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the requested models can be limited to the specifications of the models input, output and usability. This 
will eliminate the need for downloading, installing, setting up and updating a range of models for which 
the modeler has less expertise.  
 
In this context eHabitat is being developed as a simple WPS being a brick in the Model Web, making 
it possible to use the Mahalanobis distance for the estimation of the PoHS, both using current indicators 
and for forecasting purposes. The service can be used as a stand-alone service, with a separate web client, 
but can also be linked with catalogue services for discovery of different data sets and to other Web 
Services for them to request calculation of probability of similarity. Dubois et al. [8] gives a more detailed 
description of the efforts to link eHabitat with discovery services and a workflow engine within the Group 
on Earth Observations (GEO) [9-10]. Through this, the burden of searching, downloading and 
preprocessing data sets for application of the model is greatly alleviated. A web service discovery service 
can be used to find data producing or data consuming services relevant for the WPS. This makes it 
advantageous to run eHabitat as a WPS and not as a desktop application. 
 
 
Fig. 1 Flowchart of eHabitat 1.0. The WPS receives an XML request with the ID of a protected area available from the World 
Database of Protected Areas (IUCN-WCMC) and 3 thematic maps in a raster format. The PoHS and HRI are computed for the 
protected area within a defined bounding box and the final results released in a GeoTIFF and png format.  
The WPS implementation of eHabitat is realized in Python as a PyWPS script [11], with the 
computational backend implemented in the statistical language/environment R [12]. A request to the 
service has to be of XML format according to the standards from the Open Geospatial Consortium 
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(OGC)b. Currently the XML request has links to Web Coverage Services (WCS) with the current and 
forecasted rasters of indicators. In a next version it will also be possible to submit the data sets embedded 
in the XML, as geoTIFFs or netCDF files. 
4. Application
The Mahalanobis Distance has for a long time been used for modeling habitat boundaries [2]. In this 
application we will use the method for forecasting PoHS for some PAs. Using a high resolution climatic 
grid, we can predict the probability that the boundaries of the PA will be suitable for its current habitats, 
and the size of the region that can be supposed to have a similar climatic conditions in the future relative 
to the park size (hri). We will here use a limit of 0.5.  
4.1 Data set 
The WorldClim data basec provides gridded maps of current and future climate variables at different 
lat-long resolutions, i.e., 10 minutes, 5 minutes, 2.5 minutes and 30 seconds. The last one corresponds to 
gridcells of 0.86 km2 at equator, often referred to as the 1 km grid. The data set for the current climate 
[13] has been produced by interpolating the records from climate stations with a spline interpolation 
method. The future data set has been downscaled to the same resolutions from different scenarios of 
different global circulation models, assuming that the spatial patterns within each grid cell is constant 
[14]. From these data sets, we created the variables used for defining Holridge’s life zones, i.e. the 
- bio-temperature (the annual average of the temperature after values below freezing to zero); 
- annual precipitation; 
- ratio between annual potential evapotranspiration (PET) and annual precipitation, the PET being 
estimated using Thorntwaite's equations [15]. 
From the >130 000 PAs made available in the World Data Base of Protected Areas (WDPA)d  that is 
managed by the UNEP-WCMC and the International Union for Conservation of Nature (IUCN), we 
extracted the boundaries of a few famous national parks, namely those of the Serengeti park in Tanzania, 
the Yellowstone in the USA, the Amazonas in Brazil and the Stelvio in Italy. 
4.2 Results 
Figure 2 shows some preliminary results obtained. The left panel shows the PoHS for present and 
forecasted climatic conditions (10 minutes grid resolution) for the PA with the name Amazonas. The 
figure shows that the area in South America that is forecasted to have a high similarity with the current 
state of the park is dramatically decreasing. It is also of interest to notice that the areas with some 
similarity are far from the present boundaries, highlighting the lack of connectivity between these regions, 
at least in a climatic point of view. The panel to the right shows, for the four different parks, the surfaces 
with PoHS > 0.5 divided by the size of the PA. This is an approximation of the computation of the 
likelihood to find other areas for replacement, although the connectivity between the different surfaces is 
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not considered in the current version of the code. Similarly, other factors, such as population density, 
access to water and deforestation, have not been examined in this simple study and will further affect the 
likelihoods to find similar habitats. The trend obtained shows a clear decrease of the surfaces that are 
similar to the original PAs. The results also show an interesting difference between the parks (Amazonas 
and Serengeti) with little slopes, compared to those of Yellowstone and Stelvio that are more 
mountainous. For the two first parks, there are relatively small differences in the results depending on the 
resolution of the indicators. For the two last parks, the difference is much larger, and the possible 
replaceable area is in general increasing with increasing resolution. The reason is that increased resolution 
gives increased variability for these PAs, which will again decrease the Mahalanobis distances due to the 
multiplication with the inverse of the covariance in Equation 1.  
 
  
Fig. 2 a) Development of PoHS in time for the Amazonas protected area in Brazil. Boundaries of park in red. b) Development of hri 
in time for the four different parks and for different raster resolutions. 
5. Discussion and a few words of caution 
The eHabitat WPS is currently being set up as a simple piece of the Model Web i.e. a web service 
following a Service Oriented Architecture (SOA) model where pre-programmed geospatial calculations 
and/or computation models are available as dispersed services/processes over a network. A simple service 
in itself, its strength becomes clear when linked with Catalogues and other Web Services. Here, eHabitat 
is used for ecological forecasting by using climate change data while it is originally conceived for the 
assessment of ecosystems.  
For what concerns the disturbing results presented in this paper, we have to remind the reader that the 
ecosystems have been dramatically simplified using only Holdridge’s life zones. The PoHS based on 
areas with small topographic differences such as Amazonas is also likely to be underestimated due to 
small variability of the indicators within the park – which is not likely to reflect the tolerance of the 
habitats inside the park to climatic changes. Some studies have also warned against forecasting with 
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ecological niche models, as they are too pessimistic when used for forecasting biodiversity with future 
climate [16, 17]. The changes seen in Figure 2a) are therefore likely to give an exaggerate effect of 
climate impacts. The results of Figure 2b) does on the other hand not take into account that a large part of 
what has been classified as potential replaceable areas will be unsuitable because of other factors 
(population density, landuse, slopes, etc). The results need to be further analyzed before drawing more 
generic conclusions about climate change impact. Last but not least, the results also indicate that the 
resolution of the data set makes a difference for some parks. Despite some of the limitations mentioned, 
we are working on improving the current algorithms and believe the WPS will have many potential 
applications when chained with other data and modeling services.  
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